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A  numi/er  of  works  by  different  authors  have  brought  us  to  a  good  approximation  of 
no  understanding  of  the  processes  which  take  place  in  aerosols  under  straightforward  con¬ 
ditions,  when  these  processes  are  taking  place  in  pure  air. 

If  vapors  of  foreign  substances  are  present  in  the  air,  complications  are  introduced 
into  the  processes  taking  place  in  the  aerosols,  complications  which  so  far  have  not  been 
studied,  in  spite  ol  the  practical  and  theoretical  importance  of  the  matter. 

The  foil  owing  authors  have  dealt  with  the  question  of  the  influence  of  foreign  vapors 
on  aerosols:  E. 1 .RUMIANTSEVA  (1),  who  investigated  the  influence  of  various  vapors  on 
Biunonium  chloride  aerosol,  S.  S.URAZOVSKI  and  S.N.  KUZMENKO  (2),  who  investigated  the  in¬ 
fluence  of  various  vapors  on  magnesium  oxide  and  armonium  chloride  aerosols;  k.N.  SAVtOhh- 
VALOV  and  0.  S.KCZHl'KOVA  (3),  who  investigated  the  inflr  nee  of  various  vapors  on  mercurous 
iodide  and  ammonium  chloride  aerosols;  V.I.SAlCHUk  and  O.G.NARSKIKH  (4),  who  investigated 
the  influence  of  various  oil  vapors  on  aqueous  fog;  N.N. ANDREYEV  and  S.G.KIBIUKSI1TIS  (5), 
who  investigated  the  influence  of  various  vapors  on  armonium  chloride  aerosols;  A. V.  SMIRNOV 
and  V.  A.  SOLNTSEVA  (6),  who  investigated  the  influence  of  various  vapors  on  amomuir.  chloride 
aerosols  end  oil-fog;  L.  V.  RADUSHXEVICH  and  0.  K ,  CHUGUNOVA  (7),  who  repeated  some  of  the  ex¬ 
periments  with  ammonium  chloride;  l .  V.  PETRIANGV,  M.  V.  TIKHOMIROV  and  N.N.TUNITSKI  (8),  who 
carried  out  preliminary  tests  with  phenol  vapor3  and  FtiOs  aerosols. 

Material  available  on  the  subject  is  limited  to  the  researches  here  enumerated,  and 
the  results  obtained  by  the  different  authors  are  in  sharp  contradiction  one  with  the 
other. 


For  a  rapid  survey  of  the  contradictions  which  exist,  we  give, in  Fig.  1,  the  results 
of  the  work  with  ammonium  chloride  aexosol.  In  the  rec>angle  we  list  the  vapors  to  the 
action  of  which  the  aerosol  was  exposed;  the  lines  and  circles  with  initials  indicate  the 
results  obtained  by  the  different  authors  in  their  experiments. 

The  existence  of  contradictions  may  lie  explained  by  the  fact  that  with  nearly  all 
these  authors  the  method  of  producing  the  aerosols  was  unsatisfactory  (high  concentration 
o!  aerosol,  and  the  aerosols  produced  in  the  presence  of  'previously  prepared’  vapors  of 
(he  foreign  substances).  The  same  may  be  said  of  the  methods  of  recording  the  changes 
which  took  piece  (sedimentation  observations).  Sane  of  the  authors  permitted  errors  to  be 
introduced  by  secondary  mixing  of  the  aerosol  with  the  vapor  in  <mall  vessels  (7).  in 
some  cases  (4)  obvious  mistakes  were  also  made  in  the  method  of  producing  the  foreign 
vapor  (production  of  vapor  by  evaporating  the  substance  in  n  chamber  over  a  heated  metal¬ 
lic  surface). 

The  lack  of  fundamental  research  on  the  influence  of  foreign  vapors  on  the  processes 
'••king  place  in  aerosols  motivated  us  to  undertake  the  present  work. 
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i.  '  Sis'  i  n  l  ;  nen<  e  <.f  *  < !  1 .  >  i  ■  ■  rir.n  on  lie  jiu  r*ss  u|  .iit<i,h1  . 

inti,  >1  »»:  nei  *  o.,u  y  !•>  e.-d  abi  i.sh  i  on«1  i  ■  i  nr  -  such  that  if)  all  pra<  1 1<  ul  intent  s 
aii'i  p>:  -es  no  j-rix  esses  othr:  t  hurt  >  ongii  la*  i  on  took  p  I  a<  e  in  flip  presence  ui  !  la' 
v.ij.'.s,  Vir  approx  jn.,1 t  ad  tins  p.snuial  rnndi  t  ion  by  wfinp  to  it 

1)  '( t,al.  the  format  ion  of  t ii<“  nr rmo  1  s  took  place  in  purr  air  lh>o  rxi  hiding  the  pos-:i 
i/iiii.y  of’  tin-  vapor  affecting  the  process  of  ae  j  oso  l- forma  1 1  on . 

2)  That  tin  pro cr <s  of  sedimentation  of  the  aerosol  was  point:  on  at  *he  i  iw  when  re  . u 1 1 
wrt  being  observed;  this  condition  was  met  by  having  a  small  initial  concentrat  ioti 
of  t  hr  aerosol,  and  bv  volatilizing  the  foreign  substance  in  a  stream  of  air  {'•)). 

Ho  cne,.k  that  there  was  no  aerosol  sedimentation  going  on  during  the  time  when 
observations  were  being  made,  we  used  a  Nernst-type  micro-balanre  with  a  sensitivity 
of  ]0‘V,  which  showed  no  deflection  during  the  1  lod  of  the  observations) 

’\)  Tnat  t he  itieans  of  producing  the  aerosols  was  such  as  to  secure  results  which  could 
be  exact  1  y  duplicated. 

4)  'Ih.it  the  method  selected  for  introducing  the  foreign  vapors  into  the  chamber  namely 
that,  of  blowing  vapor  off  the  surface  of  a  liquid  into  a  closed  vessel,  excluded  all 
chances  of  distorting  our  results  through  condensation  of  the  vapor  itself  and  that 
it  r.side  it  possible  to  introduce  with  sufficient  exactitude  the  requisite  quantity 
of  vapor  into  the  chamber  and  to  distribute  it  uniformly  throughout  the  volume  of 
the  chamber . 

f>)  That  the  aerosol  was  subjected  to  mixing  only  once,  in  a  large  chamber  this  rave 
the  aerosol  less  chance  of  settling  on  the  walls  of  the  chamber 

As  it  was  discovered  (page  5  )  that  water  vapor  had  no  effect  on  the  coagulation 
of  t  lie  aerosols  investigated,  we  did  not  undertake  to  dry  the  air  m  the  chambei  for 
iiiese  exper imonts . 

All  the  tests  were  carried  out  in  a  special  hermetically  sealing  glass  smoke* 
chamber  one  m1  in  size.  The  chamber  was  mounted  on  a  metal  frame  and  was  fitted  with  a 

fan  and  exhaust  pipe. 

V.  .-.moke* producing  substances  we  used;- 

i,  Miner.ci  ml  (a  fraction  boiling  at  200-210'  C  at  a  pressure  of  4  mini 
21  Meanc  acid  (chemically  pure) 

.1  lie  lined  paralfm  (melting  point.  50°  C*  density  0.9). 

In  all  cases  we  produced  the  aerosols  by  thermal  condensation  lieforc  feeding  into 

t !  .  number  . 

•hi  ;<.-g  produced  in  the  uppurufus  shorn  in  /ig.  ?■ 

, 'he  electrically  heated  metal  oxen  4  mi>  joined  to  the  tee  H  uith  tin  ..'Vital 

the  tee  held  a  ixrtal  pipe  UO  c«t  long  and  .?  ''m  in  d  uxme  ter,  utiah  ui'  s/iir/dr.; 

‘.i  o,  .  (,v  the  screen  i.  urx i  .ooled  n  */i  <i  v tecum  <>/  co/d  ieil." 

■'  .'i  1  ui:v  e ’flapped  ri  h  fix' e,-  n-’r.l  pipe  (■  I)  t.  In  (',  there  m  mr-unten.  on  an 
•  .;no  ui'h  i  at*\*  tple/i  *  .  .1^  .  <  .  >d  ’u»  ■  I  ante ,  u  /r..  :  ■  <j 

.  •  j  .  / 1 ,  ,v-  t '  I 
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Jlg.2.  Diagram  of  apparatus  for 
producing  oil  fog. 


1  l'  l  I  *  <  K  s..  t.  •  i  ,  ■ 

jii  ,'v  if  . 4’  :  t  ••  ,  . 

lurctte  to  ri  i'.  0.0;  -.<£  scale-, it.  -i:  .><•/ 
mtcrobweite  mis  filled  with  oil ,  vr.i.-h  >,</.  jr.-i 
onto  fAe  tWu!  ,l:of!.rag»  A  heated  to  23P*  C. 
coc/i  fitted  to  t/ir  nicro^urc ite  allowed  the  u 
(tired  quantity  o/  oii  to  6c  /ed  into  (Ac  oven, 
Wiilc  »h#  glam  tubs  2  a l  lotted  the  oil-feed  to 
be  observed. 

Through  pipe  E  there  flowed  into  the  oven 
a  stream  of  filtered  air  heated  to  230 °  C,  at  a 
speed  of  0.2  l/min.  In  the  oven,  this  air  fcecaoe 
saturated  with  oil  vapor.  The  oil  vapor  passed 
into  the  tee  and  in  the  long  pipe  was  diluted 
with  a  stream  of  cold  air  flowing  a ♦  a  speed  of 
40  l/min.  The  diluted  stream  was  then  super- 

alcd,  wl.ich  caused  tht  for,.^lic,it  of  nn 
aerosol.  The  aerosol  thus  produced  was  led  for 
a  period  of  j. 5  *wuit«*  into  the  smoke- chamber , 
into  which  the  foreign,  vapors  ho  reviously 
been  introduced.  In  the  chamber,  me  aerosol 
end  vapors  were  mixed  by  mans  of  the  fan  for 
a  period  of  me  minute,  after  which  they  were 
tested.  Thanks  to  the  screen  C  and  the  air-coal- 
v‘g  effect  in  the  long  pipe,  the  diluted  stream 
did  not  heat  uo  sore  than  1.5°  when  the  ovun 
temperature  was  230°.  Thus  the  super  saturation- 
tester ature  c.  the  vapor  practically  did  not 
change. 


Jn  all  the  tests  the  te^erature  of  the  oven  was  held  at.  230°  to  within  i  0-5'’. 

If  this  temperature-control  is  strictly  maintained  throughout  the  period  of  aerosol- 
formation,  the  method  here  described  of  producing  oil  fogs  will  produce  aerosols  which 
can  be  rigorously  duplicated. 

For  producing  stearic  acid  aerosol  we  used  the  apparatus  shown  in  fig.3. 


An  exactly  weighed  portion  of  stearic  acid  was  sprinkled  with  previously  ro«jini 
sand  into  a  hollow  in  an  asbeetor  stopper,  in  which  a  spiral  platinum  wire 
The  draim-out  end  of  the  glass  tube  A  led  through  «n  opening  into  the  chan-'-f <  *  *t 

of  filtered  air  was  passed  throuji  the  lube  A  at  a  velocity  of  40  l/mm  m^h.1 

formed  in  the  air-  stream  was  time  fed  into  the  c  hamber ,  into  which  the  fureiji  m  ,-cr  h  -+1 
previously  been  introduced, 

Tve  itcoric  acid  «*u  volatilned  by  heating  the  spiral  wire  wi.n  ,  rlrctric  correct: 
for  a  period  of  1.3  ainutc,  the  degree  of  heating  was  checked  with  ..  .letter. 

-  3  - 


.0 


.  \  •  ♦  .tj f c# ;  *,.*»  ’  .  . <  < 


,  ,  ,  ,  ,  »r».-  .•  »/n  »«/**  »4.*n;«*s  ,n to  »A;  chc.ne:  by 

ii  i'ti  in  >i  closed  irssel  (fig. a) 
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Flg.lt.  Diagram  of  apparatus  for 
producing  foreign  vapors . 


Fig. 5.  Diagram  of  tbe  ultra - 
alcroBCOpe  aet-up. 


The  apparatus  was  installed  in  a  thermostatic  chamber,  in  which  a  constant 
temperature  was  maintained. 

The  substance  of  which  it  was  desired  to  have  the  vapor  was  placed  in  vessel  A, 
by  means  of  the  cock  K  it  was  admitted  into  the  U-shaped  tube  until  the  latter  u<is 
half  full.  Filtered  air  was  passed  through  the  0-tube  at  a  velocity  of  0-1  •  2  l/min, 
carrying  off  the  vapor  of  the  substance  from  the  surface  of  the  lupiid  and  taking  it 
into  the  chamber.  In  order  to  get  the  whole  volume  of  the  chamber  more  completely 
saturated  with  vapor,  we  also  put  into  the  chamber  sheets  of  filter  paper  soaked  with 
the  substance,  and  we  painted  it  onto  the  chamber  walls.  In  all  the  tests,  the  vapor 
in  the  chamber  was  thoroughly  mixed  with  the  fan  for  o  period  of  2  *inutcs  before  the 
introduc  t ion  of  the  aerosol. 

The  cnn,ientration  of  vepor  in  the  chattier  was  determined  from  the  difference  in 
weight  of  the  upper  at:  before  and  after  blowing  off  the  vapor.  In  our  exper  irnents 

this  concentrat  ion  varied  from  0-5  «g/» to  nearly  complete  saturat  ion. 

'Ae  checked  by  the  absence  of  Tyndal's  cone  that  no  aerosol  of  the  foreign  vapor 
was  formed  in  the  chamber  before  the  introduc  t  ion  of  the  test  aerosol. 

This  method  permits  the  desired  quantity  of  foreign  vapor  to  be  introduced  into 
the  chamber  with  tuff ic lent  exactitude. 

The  aerosol  coagulation  was  measured  by  means  of  a  count  of  particles  ir.  a  gas- 
cell.  using  an  adopted  type  of  ultramicroscope  with  dark-field  illumination  (fig.  5). 

As  l  irht- source,  a  jflO-u-att  moving-picture  projector  lamp  was  used.  To  get  rid 
of  convection  in  ihe  cell  A,  the  lamp  was  shields'1  from  the  ultramicroscope  set-up 
by  the  aperture-  screen  S  and  the  water- filter  H.  The  optical  system  used  was: 
fa/  corwienser  £,  (b)  source  of  objective  D,  (c)  microscope  M  consisting  of  ocular 

urul  objective. 

Tu  concentrat  ion  by  weight  of  the  aerosol  was  determined  by  weighing  a  fixed 
ioiu«c  of  aerosol  absorbed  in  a  filter. 


*  Thu  w.n.  the  .pp.r.tu.  of  Fig.  4.  (Tr.  ) 
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■■  r  «.n  hr  <  c  g.;  •  '  ci  .  .'.tun4  In  ...  ./■ 

r..  nut  i.i  r*/>  ' . »r-n;«  r.ir.-i  'U  01.:  'o  V  c/ove  *■>  7  <  ,\'r*  c*\ 

This  uetiiod  winch  we  describe  is  free  <  f  the  erroneous  procedures  allowed  .<  ;  < 

vious  authors.  I rs  our  ex|>erinirnt..s  it  was  possible  to  judge  the  ef  fect  of  foreign  v . . ;  ■ . 
on  just  the  process  of  aerosol  coagulation  alone 

The  effect  of  vapors  of  surface-active  substances  on  the  coagulation-curves  mi,;ht 
well,  under  the  conditions  of  our  experiments,  depend  only  on  change  in  the  nu/ubrr  of 
effective  collisions  between  the  aerosol  particles 

Vie  investigated  the  following  systems: 


Mineral  oil 
Mineral  oil 
Mineral  oil 
Vu.icrai  oil 
Stearic  acid 
Stearic  acid 
Stearic  acid 
Stearic  acid 
Paraffin  - 
Paraffin  - 
Paraffin  - 
Paraffin  - 


-  phenol 

-  oleic  acid 

-  glycerin 
watei 

-  phenol 

-  oleic  acid 
glycerin 
water 

phenol 
oleic  acid 
glycerin 
water 


ftefore  proceeding  to  study  the  above-mentioned  systems,  we  carried  out  control- 
experiments,  with  no  foreign  vapor  present. 

Ihe  data  for  coagulation  in  pure  air  are  entered  in  fig- 6  ill  the  form  of  solid 
black  dots.  The  data  for  coegulatioe  in  the  presence  of  foreign  vapors  are  entered  m 
the  form  of  circlets 

If  the  vapor  exerted  an  influence  on  the  aerosol  coagulation-process,  we  should  ob¬ 
tain  two  different  coagu  I  a  t  ion-curves  on  each  graph.  However  our  exper  inen  ta  i  findings 
■>s  given  in  fig. 6,  where  the  abscissa  is  time  and  the  ordinate  is  particle  volume,  snow 
-1  it  in  all  cases  both  sets  of  points,  those  for  pure  air  as  well  as  those  lor  the 
toreigu  vapor  adiiixture  lie  on  one  and  the  same  straight  line 

In  view  of  the  importance  of  these  results  in  the  solution  of  all  kinds  of 
varied  the  experimental  conditions  in  manv  wavs  and  tried  many  other  wavs  of  intro¬ 
ducing  the  vapor*  into  the  chamber,  but  the  results  remained  the  same. 

lY  the  supposition  that  tlie  influence  of  a  vapor  on  aerosol  coagiu.it  ion  might  i:. 
tine  gradual  1y  become  more  intense  we  carried  out  long  period  ,ts  witt.  ml  fog 
t  "tse  testa  the  ,uigu  1st  ion  of  s  pure  aerosol  and  of  an  aerosol  with  a  v.ij  or  -ix:  -.re 
»os  followed  up  for  2-4  hours  aft»r  volatilitat  ion. Hut  even  m  this  long  jerun  .,? 
t.,.e  the  vapor  was  not  observed  to  exert  any  influence  on  the  course  of  aerosol  c.  - 
..it  ion  in  the  systems  investigated  by  us 

Hence,  as  the  moat  important  general  result  of  the  whole  of  he  «r  ! 

t'.-.ed,  the  lact  emerges  that  m  the  system#  which  we  investigated  uijvr;  ,.f 
■ictive  substances  exert  no  influence  oti  the  process  of  aerosol  coagul.tr  ' 


.Mr 


r.  \:.i  at i, -ft  ok  ; u  >i  i  rs 

lhere  exist-,  the  not  inn.  which  *»«•  very  little  touiiti.it  ion  that  in  .  . 
may  under  S'<re  rimdit  ions  have  on  its  -url.'n  thick  gaseous  envelope,  fiii.iiv  t  •  . 
the  particle  by  snrbtive  torrrs  .,nri  capable  of  decreasing  '.he  cuugu  1 .1 1 1  on -sjee.  1  to 
aerosol  11,3,4,5,0,7,9) 

Dve  notion  of  the  existence  of  thick  stable  gaseous  envelopes  is  tonmoniy  invn,.e,j 
to  explain  the  more  obscure  properties  of  aerosols  Our  experiments  and  a  number  oi 
other  experimental  findings  (10,11,12,13,14,15,16.17)  refute  this  notion 

The  results  of  our  experiments  are  in  agreement  with  researches  carried  out  !  , 

Brandt  (10),  who  from  his  observations  on  dust  particles  came  to  the  conclusion  that  lti 
the  case  of  these  particles  too  the  adsorbed  gaseous  layers  could  hardly  have  a  thick¬ 
ness  greater  than  one  molecule. 

Brandt’s  observations  demonatrate  that  the  thick  gaseous  envelopes  which  are 
occasionally  formed  in  aerosols  must  not  ^e  ascribed  to  stabl*  adsorptive  forces  thrv 
ve  gaseous  layers  ...  ,  j  OTi  ly  m  a  temporary  fashion  by  the  aerosol,  and  may  be  easilv 
stripped  off. 

In  good  agreement  with  these  observations  are  the  researches  of  Bern  and  his 
associates  (11),  who  showed  that  the  poor  ..''sorption  of  5bg  and  r. jJs  fogs  by  water 
worn  th"«e  substances  are  bubbled  through  it,  may  be  explained  hv  air  being  ir**chanic- 
ally  captured  by  the  particles.  Moreover  these  observations  are  not  contradicted  bv 
'tel’s  experiment  (12). 

Likewise  in  connection  with  the  reduced  density  of  aerosol  particle*,  -.huh  1  i> s 
lrv;i  observed  (18),  there  ss  no  nerd  to  drag  in  the  notion  of  thick  sinbir  gnsi-ous  rn- 
ve  hk«'s  .  Abnormally  small  densities  of  aerosol  particles  nr.a>  be  explained  simply  r>\  t  t-.r 
t.u’  tlv.it  it  is  necessary  to  determine  this  quantity  from  the  hvdrodvna.eic  proper t  ie> 

’•  >‘<e  part  icle.  K«h  Ischut.zer  and  luscher  (13).  Hhvt law -Gray  and  Fat  tersont  14  i  have  sh.w 
f"  t  •»  ’rent  deal  of  experimental  material  that  with  free- fal  1  u,g  aerosol  pat  title*, 
i  "reus  and  complex  structure  excessively  low  "alues  are  obtained  for  '  fve  ,i»n*i'v  d 
?  or:  1;  l»s. 


I:.-  tim  ol  tie:  existence  of  thick  stable  gaseous  »mriii|e  v  1 
;.  ’vpi.io  ng  *  nr  ml  ions  in  sroa  1 1  •  part  icle  evoj*>rat  i.jp  phenomena 
■  1.  h-  r  .15  .  Vh.Fer  (lo)  and  Nestle  (  17  1  has  shown  that  in  pure  -tee, 
M.-a  1 .  droplets  of  mrreury  evaporate  in  accordance  with  ’he  «'<•: 

U  ’  e  V  .» f  t  ;i ;  1  Ol,  • 


1  Per  -  tens  i  ■'!>  0!  the  partners  ami  i  r'lnsjufiv 


Ml  ’  \  ^p#,e.l#tiHrtf\  /it  r  Hi 

•  '  l  cHi,  MF,  r  r.  lie  oi»*er%ed  only  in  Ui osr  asrs  *hrr^  the 
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